preferential but not systematic retention of the template strand in the stem cell lineage (probability 0.75 at each generation). In each scenario the evolution of the proportion of labelled cells is shown for the one-parameter label detection model, with five label detection thresholds (δ), and for the limit as the threshold tends to 0 (black curves). To make comparisons easier, we have superimposed our experimental data (gray dots) on these simulations and the predictions of the pure random CS with the two-parameter label detection model (dotted gray line).
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Supplementary Table S1 Kinetics of CldU dilution in the CBC and cp4 cell populations of the ileum of
Lgr5-EGFP mice
One initial injection of CldU was followed by CldU in drinking water for 60 hours. Mice were sacrificed at the end of the labelling period and every day for 5 consecutive days. 
Supplementary Discussion

Simulation analysis of scenarios intermediate between random and non random CS
Three types of deviations from the pure random CS scenario were investigated both for the CldU pulse-chase experiment and BrdU chase after irradiation experiment ( Supplementary Fig. S2 ). In the first scenario ( Supplementary Fig. S2 a,b) each cell contains two types of chromosomes half of which are subjected to random segregation and the other half are subjected to non random segregation. Compared to the pure random CS scenario (random CS for all chromosomes), a twice as high sensitivity of CldU detection is needed to obtain a pattern compatible with the experimental data. However, since predictions are not qualitatively different, the CldU dilution test cannot by itself discriminate between both scenarios. For the BrdU chase after irradiation experiment, predictions are on the contrary very different depending on the scenario. In case of non-random CS for 50% of the genetic material, 0.5 of the stem cell genome is labelled on 1 strand after enough cell divisions during the chase. As shown in Supplementary Fig. S2 b, the stem cells thus appear as BrdU + provided that the label detection threshold is equal or lower than 0.5. However, since nonstem daughter cells that inherit the unlabelled DNA do not migrate upward instantaneously, the CBC cell population is a mix of 50% BrdU + (stem) and 50% BrdU -(non-stem) cells. It is important to note that in this scenario, the proportion of long-term label retaining CBC cells would still be 50% if less than 50% of the chromosomes segregate non randomly (theoretically down to one chromosome), provided that the detection method has the appropriate sensitivity. In the second scenario ( Supplementary Fig. S2 c,d ) the stem cell population contains two types of cell lineages: CS is random in 75% of the lineages, and non random in the remainder. The fraction of the CBC cell population with non random CS (25%) quickly looses CldU (as in Figure 1d ), a pattern that is not observed experimentally. For the BrdU chase after irradiation experiment, since label-retaining stem daughter cells are mixed with non-stem daughter cells, 12.5% of the CBC cells (half of 25%) should be detected as long-term label retaining cells. It is important to note that long-term label retaining cells should still be detected if non-random CS concerns less than 25% of the stem cell lineages, except if the cell population using this mode of CS is very marginal. We do not favour this hypothesis since among the 1,546 Ki67 + CBC cells and 1,589 Ki67 + cp4 cells examined, not a single BrdU + cell was found after 18 days of BrdU chase (See Supplementary Table S4 ).
In the third scenario ( Supplementary Fig. S2 , e,f), all stem cells and all chromosomes behave similarly but CS is neither fully random nor fully non-random, and we refer to this scenario as NCOMMS-10-00934C 11 biased CS. At each generation g, the template strand of generation g-1 is transmitted to generation g+1 with probability p=0.75 (instead of p=0.5 in the pure random CS, and p=1 in the pure non random CS). in the long run this mode of segregation reduces by half the number of replications in the history of each chromosome and thus could slow down the accumulation of somatic mutations. In this scenario, the kinetics of label loss is slower than observed in the experimental data, both in the CldU pulse-chase and the post-irradiation BrdU chase experiments.
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Supplementary Methods
Chemicals 5-bromo-2'-deoxyuridine (BrdU), 5-chloro-2-deoxyuridine (CldU), 5-iodo-2-deoxyuridine (IdU), paraformaldehyde (PFA), Hoechst 33342 (B2261), mowiol, were purchased from Sigma Aldrich; blocking reagent (ref PC2307-1001 FP1020), from Perkin Elmer, Boston USA).
Formal description of the stochastic model used for simulation of label-dilution experiments
The stochastic aspects of our model are captured by two sequences of random variables:
is defined by a point process on the real half line where g T is the time at which starts the th g generation. Inter-event times are drawn from a Gamma distribution with mean µ and standard deviation σ.
•
is a sequence of independent random vectors 1 ( , , )
of independent Bernoulli variables of parameter p. , the process that accounts for the amount of CldU in the stem cell lineage is deterministic and its description involves four state variables Both models become equivalent when ε tends to 0.
Monte-Carlo simulations
The expected proportions of labelled CBC daughter cells under the random CS scenario and under the non-random CS scenario were computed using Monte-Carlo simulations of M=100,000 individual stem cell lineages. A program written in R was used for this purpose 
